The study aimed to evaluate the effectiveness of using the Internet to collect clinical data by collecting echocardiographic data from people with Marfan Syndrome via an online survey. Measures included the information accuracy of the respondents, and the response rate and response time of the respondents' doctors. Of 286 responses received over two years, 62 responses generated usable information. The Internet proved to be a valuable tool for researchers to identify individuals with a relatively rare condition. However, it is neither a straightforward nor a speedy means of gathering data. The considerable checking required correspondence with patients' doctors, and this process proved to be both time-consuming and relatively unproductive. The Internet has yet to be established as an effective method for collecting clinical data.
Introduction
Marfan syndrome is a hereditary disorder of the connective tissue elastin which frequently causes premature death by aortic dissection with fatal rupture into the pericardium. Elective aortic root replacement can increase life expectancy by more than 25 per cent [1, 2] . However, there is a significant risk of death or morbidity. Even in the most experienced hands, the operation may have a 30 day mortality of 5 per cent [3] . There is an ongoing risk of endocarditis in the graft. We have been developing a computer system to assist clinicians and patients in making decisions about when to opt for elective aortic root replacement that takes account of the dynamics of changes in the aortic root diameter [4] .
A major difficulty in such development is the lack of an adequately large set of echocardiographic data from which to devise and test decision algorithms. Our attempts to collect data on Marfan patients from clinical centres encountered several difficulties:
• The condition is relatively rare, with a prevalence of about 1 in 10,000 [5] , and no national Marfan registry exists.
• It was difficult to obtain permission from centres to access patients' records.
• As with all retrospective data gathering, important information was often missing or was recorded in a non-uniform manner in medical records.
We were also concerned about the bias of the data in that the patients were being monitored for clinical reasons, and the clinical centres with the best data were taking patients out of follow-up and into surgery. Given these problems, we decided to investigate whether it was feasible to use the Internet as a means of obtaining data from many more individuals with Marfan syndrome and ask them to provide clinical information about themselves.
At present, there are estimated to be over 180 million regular Internet users, and the number is still increasing rapidly. Even with a relatively rare condition such as Marfan syndrome one can use prevalence figures to estimate that there are probably at least 18,000 Internet users with the syndrome. Also, given that such users have a vested interest in ongoing research related to the syndrome, they are likely to use the Internet to search for descriptions of such research. As such, our view was that establishing a web page, describing our project and asking for information would attract large numbers of users with the syndrome and help us to compile an adequate database of echocardiographic data to assist our research.
This article reports our experience of this exercise.
Methods
In August 1998, a multilingual Marfan syndrome website was launched using English, Spanish and Italian. Its Internet address is http://www.ucl.ac.uk/~ucahywc/ and the three languages used were simply those easily available within existing resources. The website gives information about our research on Marfan syndrome and asks for information via a questionnaire whose answers can be supplied interactively or which can be downloaded and completed non-electronically. The process for eliciting information from Internet users is illustrated in Figure 1 . In the electronic questionnaire, the respondents were asked to answer questions related to any cardiovascular problems and to give information about their echocardiograph measurements, if these were available. The respondents were also asked to provide the names of their family doctor, cardiologist and/or cardiac surgeon as appropriate. They were also asked whether they would give consent for contacting their doctors to verify the information supplied. Those who gave consent were sent consent forms by post. The doctors of those who gave consent were contacted and asked to verify the information supplied as correct. In the case of no response, a follow-up letter was sent four months after the first contact. There was no further contact if the doctor still did not reply.
Use of the Internet to collect such data was approved by the Local Research Ethics Committee.
Results
During the period from August 1998 to August 2000, 286 Internet users replied to the questionnaire from 21 countries. In terms of country of residence, the most frequent were: USA (161), Italy (35), UK (26), Canada (17), Australia (7) and New Zealand (4), with three or fewer responses from other countries.
During the information gathering process, there are several break points where respondents can be lost to further processing. Overall attrition is shown in Figure 2 .
The process of verifying data supplied by respondents by checking with their doctors is rather time-consuming. An overall summary of factors associated with this process is given in Table 1 .
There were 69 respondents for whom the verification process resulted in a response from their doctor concerning the validity of the questionnaire's response. There were 32 questionnaires deemed to be correct but with missing echocardiograph data, and for 25 of these (8.7%) the respondents' doctors supplied the missing echocardiograph data. Echocardiographic information in seven questionnaires was found incorrect by the respondents' doctors who corrected the inaccuracies. From the original 286 respondents to the Internet survey, there were 30 whose responses were verified and included the key echocardiograph data. Thus in total 62 (21.6%) of the original 286 Internet responses resulted in useful information being gathered.
Discussion
We have explored one aspect of using the Internet as a tool for assisting medical research. We found that the Internet provided us with a means of locating and communicating with individuals with relatively rare conditions such as Marfan syndrome. However, our experience shows that even though it is feasible, it is not necessarily a straightforward or speedy process. Several problems arise concerning the use of the Internet to collect clinical data. We have focused on issues associated with the credibility and completeness of such data. Consideration should also be given to questions such as whether such data are representative, or whether there are potentially hidden biases that might result from accessing that portion of the community that uses the Internet. This question is beyond the scope of our study. Credibility of information needs to be considered. We did not detect cases where respondents maliciously supplied erroneous data, although depending on the context and scope of a study, such a possibility should not be discounted. On the other hand, there are very real concerns about the accuracy of clinical information that respondents supply about themselves. While it is no real surprise that relatively few respondents know their echocardiograph details, which is a rather technical matter, there were also surprisingly high numbers who did not supply and perhaps did not know details of cardiovascular operations they had undergone. Approximately 10 per cent of respondents' questionnaires checked by doctors were found to contain inaccurate clinical information. This indicates that if clinical information is being requested then it is essential to have some form of verification by respondents' doctors. This begs the question of whether it is worth asking respondents any clinical questions other than to identify their doctor and to provide consent for the doctor to be approached.
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The verification process is time-consuming, both for the research team and for the respondents' doctors. It is also a major contributor to the loss of potential information due to non-response. We found a response rate of 34.5 per cent to our request for verification of data and the provision of missing information.
The accuracy of data provided depends on the design of the e-questionnaire. For example, there appeared to be frequent confusion about the format of dates, and about the units for weight and length used in the survey.
Interestingly, although the questionnaire was available in English, Spanish and Italian, all of the survey respondents completed the questionnaire in English. This may reflect language bias amongst Internet users.
In several cases Internet users have downloaded the questionnaire and sent it to a relative who has Marfan syndrome but presumably no easy access to the Internet.
We do not have unit cost data that would enable a formal cost/effectiveness comparison to be carried out to compare Internet data collection methods with more traditional methods for acquiring clinical data. However, the experience of this study is that our use of the Internet was resource intensive. Website development and maintenance can be time-consuming. In addition, considerable amounts of time and effort had to be spent on communication with the survey respondents and their doctors, for data verification and obtaining missing information. This led to considerable amounts of administrative work. In view of the international distribution of respondents, there were also relatively high postal costs.
In summary, the Internet has proved to be a very valuable tool for quickly identifying a relatively large number of individuals suffering from a relatively rare condition. However, the clinical information obtained directly from such individuals has been incomplete and inaccurate. While the Internet may have its uses in identifying cases, gathering sound clinical data requires input from clinicians, and in this the Internet has yet to be established as having a role.
